EP 2 251 680 A2

Européisches
Patentamt

European

Patent Office

Office européen
des brevets

(12)

(43) Date of publication:
17.11.2010 Bulletin 2010/46

(21) Application number: 10162321.3

(22) Date of filing: 07.05.2010

(11) EP 2 251 680 A2

EUROPEAN PATENT APPLICATION

(51) IntCL:
GO1N 23/083 (2006.01)

(84) Designated Contracting States:
AL AT BEBG CH CY CZDE DK EE ES FI FR GB
GRHRHUIEISITLILTLULV MC MK MT NL NO
PL PT RO SE SI SK SM TR
Designated Extension States:
BA ME RS

(30) Priority: 13.05.2009 JP 2009116105
18.02.2010 JP 2010033442

(71) Applicant: Ishida Co., Ltd.
Sakyo-ku
Kyoto-shi
Kyoto 606-8392 (JP)

(72) Inventor: lzutsu, Katsunori
Shiga 520-3026 (JP)

(74) Representative: Kastel, Stefan et al
Fliigel Preissner Kastel Schober
Nymphenburger Strasse 20a
80335 Miinchen (DE)

(54) X-ray inspection device

(57)  An X-ray inspection device is adapted to detect
foreign matter in a target object while the target object is
conveyed. The X-ray inspection device includes an X-
ray emission device, a scintillator unit, a slit member and
a photodiode array. The scintillator unit extends in a di-
rection that intersects a conveyance direction of the tar-
get object, and is configured and arranged to optically
convert the X-rays emitted by the X-ray emission device

into visible light. The slit member forms a slit that extends
in the direction that intersects the conveyance direction,
and is disposed on an upstream side of the scintillator
unit with respect to a direction of X-ray irradiation. The
slit member is arranged so that a width of the slit is nar-
rower than a width of the scintillator unit, and is equal to
orwider than half a light-receiving width of the photodiode
array in the conveyance direction.
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Description
CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to Japanese Pat-
ent Application No. 2009-116105 filed on May 13, 2009,
and Japanese Patent Application No. 2010-033442 filed
on February 18, 2010. The entire disclosures of Japa-
nese Patent Application Nos. 2009-116105 and
2010-033442 are hereby incorporated herein by refer-
ence.

BACKGROUND
Technical Field

[0002] The present invention relates to an X-ray in-
spection device for irradiating articles with X-rays and
detecting foreign matter in the articles.

Related Art

[0003] X-ray inspection devices or similar devices are
conventionally used to detect foreign matter in articles.
Research and development efforts are currently being
conducted in relation to such devices.

[0004] In Japanese Laid-Open Patent Application
Publication No. 2003-084066 (hereinafter "JP '066 pub-
lication"), there is disclosed a component of a radiation
detector for minimizing the space required for wire bond-
ing; making the radiation detector smaller in size and
simpler to manufacture; and facilitating the manufacture
of a two-dimensional detector. The component for a ra-
diation detector is a component used in an X-ray inspec-
tion device.

[0005] The component of a radiation detector accord-
ing to JP '066 publication includes a photoelectric ele-
ment arranged on a portion of an upper surface of a sub-
strate to output an electrical signal based on the intensity
of light received by the photoelectric element. The pho-
toelectric element has a first pad provided on its light-
receiving surface. The component of a radiation detector
has a pad-formation portion arranged on a portion of the
substrate other than a portion where the photoelectric
element is arranged, and a second pad formed on the
pad formation section. The second pad is arranged to
form the same plane as that of the first pad arranged on
the light-receiving surface of the photoelectric element,
and is electrically connected to the first pad.

[0006] Also, in JP '066 publication, there is also dis-
closed a component of a radiation detector that further
includes an optical waveguide path provided upstream
in the light-receiving direction of a light receiving surface
of a photoelectric element (see Claim 22 and FIG. 7 of
JP 066 publication).
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SUMMARY

[0007] For example, for the component of a radiation
detector according to JP '066 publication, there is shown
an example where a collimator is used as an optical
waveguide path so that detection is performed using par-
allel light only (see FIG. 7 in JP '066 publication). How-
ever, in an instance where a photodiode array and a scin-
tillator array are made to match in size and formed as a
matrix as shown in FIG. 7 in JP 066 publication, the mold-
ing cost and other costs incurred during manufacture will
be increased.

[0008] If a bonding step for bonding the scintillator ar-
ray onto the photodiode array ("PDA" hereafter) using an
optical adhesive is to be performed for reducing cost, the
scintillator array must be made several millimeters wide,
even if the width of the PDA is extremely small; i.e., about
0.1t0 0.9 mm.

[0009] In such a case, since the scintillator array is
larger than the PDA, visible light converted by the scin-
tillator array is diffracted with respect to the PDA, making
it difficult to detect fine objects. This phenomenon will
now be described with reference to FIG. 10.

[0010] FIG. 10is a schematic cross-sectional view for
describing a state in a conventional X-ray inspection de-
vice 900 that results in the detection of fine foreign matter
being hindered.

[0011] As shown in FIG. 10, in a conventional X-ray
inspection device 900, X-rays S1 are emitted from an X-
ray emission device 200 and penetrate a conveyor belt
801, and visible light is emitted from scintillator elements
310a, 310b, 310c, 310d, and 310e of a scintillator 300.
The visible light is received by a PDA 400, and an elec-
trical signal is generated.

[0012] As described above, when X-rays S1 are emit-
ted, the scintillator elements 310a, 310b, 310c, 310d, and
310e of the scintillator 300 emit visible light over 360 de-
grees in all directions. However, when fine foreign matter
is present in an article that is conveyed by the conveyor
belt 801, a scintillator element located below the fine for-
eign matter is not supposed to emit visible light. Never-
theless, due to the large number of scintillator elements,
visible light converted by a scintillator element in the vi-
cinity of a position below the fine foreign matter in the
article will be received by the PDA 400. The edge of the
fine foreign matter in the electrical signal generated by
the PDA 400 thereby becomes less distinct, and detec-
tion of the fine foreign matter in the article becomes dif-
ficult.

[0013] An object of the present invention is to provide
an X-ray inspection device capable of reliably detecting
fine foreign matter using a simple mechanism.

[0014] An X-rayinspection device according to one as-
pect of the present invention is adapted to detect foreign
matter in a target object while the target object is con-
veyed. The X-ray inspection device includes an X-ray
emission device, a scintillator unit, a slit member and a
photodiode array. The X-ray emission device is config-
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ured and arranged to emit X-rays at the target object.
The scintillator unitis configured and arranged to optically
convert the X-rays emitted by the X-ray emission device
into visible light. The scintillator unit extends in a direction
that intersects a conveyance direction of the target ob-
ject. The slit member forms a slit that extends in the di-
rection that intersects the conveyance direction. The slit
member is disposed on an upstream side of the scintil-
lator unit with respect to a direction of X-ray irradiation
so that only the X-rays that passed through the slit enter
the scintillator unit. The photodiode array is configured
and arranged to detect the visible light optically converted
by the scintillator unit and to convert the visible light into
an electrical signal. The photodiode array is disposed
along a direction in which the scintillator unit extends.
The slit member is arranged so that a width of the slit is
narrower than a width of the scintillator unit in the con-
veyance direction of the target object, and is equal to or
wider than half a light-receiving width of the photodiode
array in the conveyance direction of the target object.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] Referring now to the attached drawings which
form a part of this original disclosure:

[0016] FIG. 1is a schematic external view showing an
example of an X-ray inspection device according to the
illustrated embodiment of the present invention;

[0017] FIG. 2 is a schematic diagram showing an ex-
ample of an interior of the X-ray inspection device ac-
cording to the illustrated embodiment of the present in-
vention;

[0018] FIG. 3 is a schematic diagram showing a side
view of the X-ray inspection device in FIG. 2;

[0019] FIG. 4 is an enlarged schematic diagram show-
ing a part of FIG. 3;

[0020] FIG.5is an enlarged schematic diagram show-
ing a part of FIG. 3;

[0021] FIG. 6 is a graph showing examples of MTF
curves;
[0022] FIG. 7 is a graph showing examples of resolu-

tion depending on slit width;

[0023] FIG. 8 is a graph showing examples of sensor
output depending on slit width;

[0024] FIG. 9 is a graph showing examples of output
damping ratio depending on slit width;

[0025] FIG. 10 is a schematic diagram for describing
a conventional X-ray inspection device;

[0026] FIG. 11 is an enlarged schematic diagram
showing a part of the conventional X-ray inspection de-
vice;

[0027] FIG. 12 is a schematic diagram for describing
the X-ray inspection device according to the illustrated
embodiment of the present invention;

[0028] FIG. 13 is a schematic diagram for describing
the X-ray inspection device according to the illustrated
embodiment of the present invention; and

[0029] FIG. 14 is a drawing for describing an effect of
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the illustrated embodiment of the present invention.

DETAILED DESCRIPTION OF EXEMPLARY EMBOD-
IMENTS

[0030] An embodiment of the present invention will
now be described with reference to the drawings.
[0031] FIG. 1is a schematic external view showing an
X-ray inspection device 100 according to the present in-
vention; and FIG. 2 is a schematic diagram showing an
interior of the X-ray inspection device 100 according to
the present invention.

[0032] As shown in FIG. 1, an X-ray emission device
200is installed in the X-ray inspection device 100. A prod-
uct to be examined is placed on a conveyor belt 800 and
transported through the X-ray inspection device 100, dur-
ing which time an X-ray inspection is performed therein
to examine whether the products contain foreign matter.
[0033] As shown in FIG. 1, the conveyor belt 800 of
the X-ray inspection device 100 is formed so as to pro-
trude outwards from the X-ray inspection device 100, and
a plurality of X-ray shielding curtains 850 are provided.
An operator operates a touch panel MT to drive the X-
ray inspection device 100. An internal structure of the X-
ray inspection device 100 will now be described.

[0034] AsshowninFIG. 2, the X-ray inspection device
100 according to the present invention includes the X-
ray emission device 200, the conveyor belt 800, a slit
member 500, an irradiation width adjustment mechanism
510 (see FIG. 3), a scintillator 300 (a scintillator unit), and
a photodiode array ("PDA" hereafter) 400. The conveyor
belt 800 includes an endless belt rolled around a pair of
rollers. In FIG. 2, a portion of the belt travelling along a
forward route is shown as a conveyor belt 801, and a
portion of the belt travelling along a return route is shown
as a conveyor belt 802. The slit member 500, the scintil-
lator 300, and the PDA 400 are positioned in the stated
sequence listed from the top; and are provided between
the conveyor belt 801 and the conveyor belt 802, and the
X-ray emission device 200 is provided above the con-
veyor belt 801. The conveyor belt 801 conveys an article
in the conveyance direction indicated by the arrow L1.
The conveyor belt 802 travels in the direction indicated
by the arrow -L1, and thereby returns to the forward route
side of the conveyor belt801. In the present embodiment,
damping of X-rays S1 is only affected by the conveyor
belt 801 of the conveyor belts 801 and 802, and is not
influenced by the conveyor belt 802.

[0035] X-rays S1 are emitted from the X-ray emission
device 200 in FIG. 2. The conveyor belt 801, located
above the slit member 500, the scintillator 300, and the
PDA 400, conveys an article 600 in the conveyance di-
rection indicated by the arrow L1.

[0036] AsshowninFIG. 2, the scintillator 300 has scin-
tillator elements 310a, 310b, 310c, 310d, and 310e. For
the purpose of description, there are five scintillator ele-
ments 310a through 310e; however, in reality, the scin-
tillator 300 has numerous scintillator elements. A slit
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formed by the slit member 500 in FIG. 2 extends in a
direction perpendicular to the conveyance direction indi-
cated by the arrow L1.

[0037] Next, the slit of the slit member 500 will be de-
scribed with reference to FIGS. 3, 4, and 5. FIG. 3 is a
schematic diagram showing a side view of the X-ray in-
spection device 100 in FIG. 2, and FIGS. 4 and 5 are
enlarged schematic diagrams showing a part of FIG. 3.
The scintillator element 310d is omitted in FIGS. 4 and 5.
[0038] AsshowninFIG. 3, the scintillator 300 is affixed
to the PDA 400 using a chemical adhesive. The X-ray
emission device 200 emits the X-rays S1. In the present
embodiment, the presence of the slit member 500 results
in the scintillator 300 being irradiated only with X-rays
within the range shown by X-rays S2, and the remaining
X-rays S1 are reflected by the slit member 500. In other
words, X-rays S2 are part of X-rays S1 within the range
corresponding to the slit of the slit member 500. The slit
and the X-rays S2 depend on the width at which the PDA
400 receives the visible light converted by the scintillator
300.

[0039] In the X-ray emission device 200 in a conven-
tional X-ray inspection device 900 such as one shown in
FIG. 10, the layer of the slit member 500 is not provided,
and the scintillator 300 is therefore irradiated with X-rays
within the range shown by X-rays S1. As a result, optical
conversion into visible light also occurs even in the scin-
tillator elements 310a, 310e of the scintillator 300, and
the PDA 400 receives the visible light from all of the scin-
tillator elements 310a through 310e. The outline of fine
foreign matter in the article thereby becomes blurred
even when fine foreign matter is present in the article,
and detection of the fine foreign matter becomes difficult.
A specific example of a state in which detection of fine
foreign matter becomes difficult as described above will
be given further below.

[0040] Next, as shownin FIG. 4, when H1 is the width
of the PDA 400 as measured in the conveyance direction
(L1), A2 and H2 are respectively the thickness of the
scintillator 300 as measured in a vertical direction and
the width of the scintillator 300 as measured in the con-
veyance direction (L1), A3 is the thickness of the slit
member 500 as measured in the vertical direction, and
H3 is the slit width as measured in the conveyance di-
rection (L1), a relationship H1 =H3<H2 exists.

[0041] Also, as shownin FIGS. 4 and 5, the irradiation
width adjustment mechanism 510 is used to move the
slit member 500 in the vertical direction (indicated by the
arrow M510) to change the spacing between the scintil-
lator 300 and the slit member 500 from a distance A23
to a distance A23a. The irradiation width of the X-rays
S2 can thereby be changed to an irradiation width of X-
rays S21. In such an instance, the irradiation width ad-
justment mechanism 510 can be used to adjust the width
of irradiation of the X-rays S2 reaching the scintillator
300. For example, the vertical spacing between the scin-
tillator 300 and the slit member 500 can be adjusted,
whereby the irradiation width and the amount of X-rays

10

15

20

25

30

35

40

45

50

55

S2 incident on the scintillator 300 can be adjusted.
[0042] Affixing the scintillator 300 to the PDA 400 using
the chemical adhesive and providing the slitmember 500,
as described above, eliminates the need to manufacture
the scintillator 300 so that the width H2 of the scintillator
300 matches the width H1 of the PDA 400. In other words,
it is possible to ameliorate decreases in yield due to such
problems as faulty adhesion between the scintillator 300
and the PDA 400 in cases where the scintillator 300 is
manufactured to match the width H1 of the PDA 400.
Also, it becomes possible to reduce the cost necessary
to manufacture a small scintillator 300 that matches the
width H1 of the PDA 400.

[0043] Also, it becomes possible to direct X-rays S2 or
X-rays S21 only onto the minimum necessary portions
ofthe scintillator 300, and to prevent X-rays from reaching
unnecessary portions of the scintillator 300 (i.e., scintil-
lator elements 310a and 310e in FIG. 3). It then becomes
possible to prevent the PDA 400 from receiving an unin-
tended large quantity of visible light due to optical con-
version, and to prevent unnecessary visible light from
reaching the PDA 400 due to diffraction of light.

[0044] Next, therelationship between the thickness A2
of the scintillator 300, the width H1 of the PDA 400, and
the slit width H3, will be described with reference to FIGS.
6 through 9. An X-ray emission intensity of 50kV was
used in the following experiments. Also, the following ex-
periments were performed under a condition in which the
width H1 of the PDA 400 was 0.6 mm.

[0045] FIG. 6 is a graph showing examples of MTF
curves; FIG. 7 is a graph showing examples of resolution
depending on slit width; FIG. 8 is a graph showing ex-
amples of sensor output depending on slit width; and
FIG. 9 is a graph showing examples of output damping
ratio depending on slit width.

[0046] Firstly, the MTF curves shown in FIG. 6 repre-
sent spatial frequency, which is the number of cycles per
unit length (millimeter) in the horizontal axis, and the con-
trast reproduction capability (MTF: Modulation Transfer
Function) normalized to 1 or 100 at zero frequency in the
vertical axis. Here, the spatial frequency is a value that
represents the spacing between each stripe in aregularly
repeating black-and-white stripe pattern.

[0047] The experiment relating to FIG. 6 was per-
formed under a condition in which the thickness A2 of
the scintillator 300 was 0.3 mm. A plurality of types of slit
members 500, having widths H3 measuring 0.6 mm, 0.9
mm, 1.2 mm, 1.5 mm, and 1.8 mm respectively, were
prepared, and the experiment was performed in the pres-
ence of each type of slit member 500, as well as in the
absence of slit member 500.

[0048] In FIG. 6, curve T06 represents an instance
where the slitwidth H3was 0.6 mm; curve T0O9 represents
an instance where the slit width H3 was 0.9 mm; curve
T12 represents an instance where the slit width H3 was
1.2 mm; curve T15 represents an instance where the slit
width H3 was 1.5 mm; curve T18 represents an instance
where the slit width H3 was 1.8 mm; and curve TO rep-
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resents an instance where no slit member 500 was pro-
vided.

[0049] From the results shownin FIG. 6, it can be seen
that a higher spatial frequency can be maintained in curve
TO6, curve T09, curve T12, curve T15, curve T18, and
curve TO in the stated order.

[0050] In other words, a higher spatial frequency can
be maintained when there is a slit member forming a slit
as compared to when there is no slit member. And thus,
it is preferable to provide a slit member to the X-ray in-
spection device.

[0051] Next, the horizontal axis in FIG. 7 represents
slit width H3 (mm), and the vertical axis represents res-
olution (mm). In FIG. 7, the inverse of the value of the
spatial frequency at the point where the MTF value first
falls below 0.1 was defined as the resolution (mm).
[0052] In FIG. 7, curve AO3 represents an instance
where the thickness A2 of the scintillator 300 is 0.3 mm,
and curve AO5 represents an instance where the thick-
ness A2 of the scintillator 300 is 0.5 mm. Each of curves
AO03 and A05 is a polynomial approximation curve, esti-
mated from points corresponding to the slit width H3 be-
ing changed to 0.6 mm, 0.9 mm, 1.2 mm, 1.5 mm, 1.8
mm, and 2.4 mm, respectively.

[0053] AsshowninFIG. 7, the curve A03 has a higher
resolution in all regions compared to the curve A05; as
a result, it can be seen that the resolution is higher in the
present experiment when the thickness A2 of the scintil-
lator 300 is 0.3 mm than when the thickness A2 is 0.5 mm.
[0054] Also, the results shown in FIG. 7 show that the
resolution becomes constant on the curve A03 at a slit
width H3 of over 1.8 mm. As a result, the upper limit of
the slit width H3 is 1.8 mm; increasing the slit width H3
to over 1.8 mm offers no benefit.

[0055] Next, in FIG. 8, the horizontal axis represents
slit width (mm), and the vertical axis represents sensor
output. Here, the sensor output represents the value of
the electrical signal output from the PDA 400.

[0056] In FIG. 8, curve AO3 represents an instance
where the thickness A2 of the scintillator 300 is 0.3 mm,
and curve AO5 represents an instance where the thick-
ness A2 of the scintillator 300 is 0.5 mm. Each of curves
A03 and AO05 is a polynomial approximation curve, esti-
mated from points corresponding to the slit width H3 be-
ing changed to 0.6 mm, 0.9 mm, 1.2 mm, 1.5 mm, 1.8
mm, and 2.4 mm, respectively.

[0057] AsshowninFIG. 8, the curve A03 has a higher
sensor output value than the curve AO5, showing that
optical conversion is more efficient when the thickness
A2 of the scintillator 300 is 0.3 mm than when the thick-
ness A2 is 0.5 mm.

[0058] Also, FIG. 8 shows that the sensor output be-
comes constant at a slit width H3 of over 1.8 mm. As a
result, the upper limit of the slit width H3 is 1.8 mm; in-
creasing the slit width H3 to over 1.8 mm offers no benefit.
Also, since images can be processed when the lower
limit of the sensor output is approximately 300 or above,
the lower limit of the slit width H3 is 0.3 mm.
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[0059] Whenthe signal-to-noise ratioin the sensor out-
put is taken into consideration, it is preferable for the
noise to have a constant value and the signal to be larger.
In order to perform image processing more properly, it is
preferable for the sensor output to be about 1000 or high-
er. Therefore, when the thickness A2 of the scintillator
300 is 0.3 mm, the lower limit of the slit width H3 is pref-
erably approximately 0.6 mm.

[0060] As described above, the slit width H3 is prefer-
ably between 0.3 mm and 1.8 mm.

In an instance where the thickness A2 of the scintillator
300 is 0.3 mm, the upper limit of the slit width H3 is 1.8
mm, and the ratio between the thickness A2 of the scin-
tillator 300 and the upper limit of the slit width H3 is there-
fore 1:6. In an instance where the thickness A2 of the
scintillator 300 is 0.3 mm, the lower limit of the slit width
H3 is 0.3 mm, and the ratio between the thickness A2 of
the scintillator 300 and the lower limit of the slit width H3
is therefore 1:1.

[0061] Therefore, the ratio between the thickness A2
of the scintillator 300 and the slit width H3 is preferably
between 1:6 and 1:1. In such an instance, the X-rays that
had passed through the slit can be optically converted in
the scintillator 300 with a high degree of efficiency.
[0062] As described above, in an instance where the
width H1 of the PDA 400 is 0.6 mm, the upper limit of the
slit width H3 is 1.8 mm, and the ratio between the width
H1 of the PDA 400 and the upper limit of the slit width
H3 is therefore 1:3. Also, in an instance where the width
H1 of the PDA 400 is 0.6 mm, the lower limit value of the
sensor output is approximately 300 and the lower limit of
the slit width H3 is 0.3 mm, and the ratio between the
width H1 of the PDA 400 and the lower limit of the slit
width H3 is therefore 2:1.

[0063] Also, as described above, in order to perform
image processing more properly, the sensor output is
preferably about 1000 or higher; therefore, the lower limit
of the slit width H3 is 0.6 mm. Also, since the width H1
of the PDA 400 is 0.6 mm, the ratio between the width
H1 of the PDA 400 and the lower limit of the slit width H3
is 1:1.

[0064] Accordingly, the ratio between the width H1 of
the PDA 400 and the slit width H3 is preferably between
2:1 1 and 1:3, and more preferably between 1:1 and 1:
3. Thus, the slit width H3 is narrower than the scintillator
unit width H2 and equal to or wider than half a width of
the light-receiving width H1 of the photodiode array 400.
Therefore, a high level of resolution and electrical signal
in the photodiode array 400 can be maintained.

[0065] Finally, in FIG. 9, the horizontal axis represents
slitwidth (mm), and the vertical axis represents the output
damping ratio (%).

[0066] InFIG.9,the curve AO3 represents aninstance
where the thickness A2 of the scintillator 300 is 0.3 mm,
and the curve AO5 represents an instance where the
thickness A2 of the scintillator 300 is 0.5 mm. Each of
curves AO3 and AO5 is a polynomial approximation curve,
estimated from points corresponding to the slit width H3
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being changed to 0.6 mm, 0.9 mm, 1.2 mm, 1.5 mm, 1.8
mm, and 2.4 mm, respectively.

[0067] As shown in FIG. 9, the curve AO3 displays a
greater output damping ratio than the curve A05, and a
higher output damping ratio (%) is maintained in an in-
stance where the thickness A2 of the scintillator 300 is
0.3 mm in comparison to when the thickness A2 is 0.5
mm.

[0068] AsshownbyFIGS.6though9describedabove,
it can be seen that in an instance where the width H1 of
the PDA 400 is 0.6 mm, the thickness A2 of the scintillator
300 is preferably 0.3 mm, and the slit width H3 of the slit
formed by the slit member 500 is preferably within the
range of between 0.6 mm and 1.8 mm.

[0069] Next, differences between the conventional X-
ray inspection device 900 and the X-ray inspection device
100 according to the present invention will be described
with reference to FIGS. 10 through 14. FIGS. 10 and 11
are schematic views for describing the conventional X-
ray inspection device 900, and FIGS. 12 and 13 are sche-
matic views for describing the X-ray inspection device
100 according to the present invention.

[0070] Inthe conventional X-ray inspection device 900
shown in FIGS. 10 and 11, X-rays S1 are emitted by the
X-ray emission device 200, and the article 600 having
fine foreign matter 610 is conveyed in the conveyance
direction indicated by the arrow L1. In such an instance,
the X-rays S1 hardly penetrate the fine foreign matter
610inthe article 600. Therefore, the X-rays S1 are hardly
incident on the scintillator element 310c of the scintillator
300, and it is only the scintillator element 310c where the
X-rays are hardly converted into visible light.

[0071] However, the scintillator elements 310a, 310b,
310d, and 310e emit visible light in all directions; there-
fore, visible light KSD (i.e., diffracted light) travelling in a
diagonal direction reaches the PDA 400 as shown in FIG.
11. Accordingly, in an instance where the fine foreign
matter 610 in the article 600 is extremely small, there
may be an instance where no difference appears in the
electrical output signal outputted by the PDA 400, and
the presence of the fine foreign matter 610 in the article
600 is not identified. In other words, the visible light KSD
substantially cancels out a variation caused by the fine
foreign matter 610. Here, the visible light KSD is an in-
tegrated light of visible light emitted by the scintillator
elements 310a and 310b and travelling in a downward
direction atabout 45 degrees angle, and visible light emit-
ted by the scintillator elements 310d and 310e and trav-
elling in a downward direction at about 45 degrees angle.
[0072] In contrast, in the X-ray inspection device 100
according to the present invention shown in FIGS. 12
and 13, the X-rays S1 are emitted by the X-ray emission
device 200; however, the presence of the slit member
500 causes the scintillator 300 to be irradiated with X-
rays S2 having a narrower width than the X-rays S1. The
article 600 is then conveyed in the conveyance direction
indicated by the arrow L1.

[0073] Insuch aninstance, the fine foreign matter 610
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in the article 600 and the slit member 500 hardly allow
the X-rays S1 to penetrate therethrough. Therefore, the
scintillator elements 310a, 310c, and 310e of the scintil-
lator 300 are hardly irradiated with the X-rays S1 and X-
rays S2. As a result, the effect of diffracted visible light
from the sides of scintillator elements 310a and 310e
towards the side of the scintillator element 310c can be
significantly reduced.

[0074] As a result, the PDA 400 is hardly exposed to
the diagonally travelling visible light KSD as shown in
FIG. 11, and is exposed to visible light KSE travelling
downwards in a substantially vertical direction as shown
in FIG. 13. In other words, the scintillator elements 310a
and 310e hardly perform optical conversion; the visible
light KSE is an integrated light of visible light travelling
almost directly downwards and visible light travelling in
a downward direction at about 45 degrees angle emitted
by the scintillator element 310b, and visible light travelling
almost directly downwards and visible light travelling in
a downward direction at about 45 degrees angle emitted
by the scintillator element 310d. As a result, even in an
instance where the fine foreign matter 610 in the article
600 is extremely small, a difference appears in visible
light reaching the PDA 400, making it possible to reliably
detect the fine foreign matter 610 in the article 600.
[0075] An effect of the present invention will now be
described with reference to FIG. 14. FIG. 14 is a drawing
for describing an effect of the present invention. The ver-
tical axis represents the electrical signal outputted by the
PDA 400, and the horizontal axis represents time.
[0076] As shown in FIG. 14, in an instance where a
conventional X-ray inspection device 900 is used, diffrac-
tion occurs, and visible light KSD is generated; therefore,
the fine foreign matter 610 of the article 600 only appears
in region AR9.

[0077] In contrast, in an instance where the X-ray in-
spection device 100 according to the present invention
is used, light can be prevented from diffracting, and the
visible light KSE causes the fine foreign matter 610 in
the article 600 to be visible within region AR1. As de-
scribed above, the region AR1 is several times greater
than the region AR9; therefore, the fine foreign matter
610 can be reliably detected.

[0078] Asdescribed above, in the X-ray inspection de-
vice 100 according to the present invention, the presence
of the slit member 500 causes the X-rays S1 to reach
only the minimum necessary area of the scintillator 300
for the PDA 400 ultimately to receive the visible light. As
a result, in an instance where fine foreign matter is being
detected, the presence of the slit member 500 prevents
the X-rays S1 from reaching the portion of the scintillator
300 located in the vicinity below the fine foreign matter,
and therefore diffracting of the visible light can be pre-
vented.

[0079] Furthermore, the width H3 of the slit defined by
the slit member 500 is smaller than the width H2 of the
scintillator 300, and larger than the width H1 of the pho-
todiode array 400. As a result, the X-rays S2 that had
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passed through the slit of the slit member 500 can be
reliably optically converted by the scintillator 300 and
converted to an electrical signal by the photodiode array
400.

[0080] Furthermore, since there is no need to manu-
facture the scintillator 300 so as to match the width H1
of the photodiode array 400, the cost of manufacturing
the X-ray inspection device 100 can be reduced.
[0081] Furthermore, since the slit of the slit member
500 is provided in a direction that intersects the convey-
ance direction of the article indicated by the arrow L1, a
shadow of the fine foreign matter 610 in the article 600
that passes above the slit member 500 can be made
sharper. As a result, it is possible to reliably detect the
fine foreign matter 610 in the article 600 using a simple
mechanism.

[0082] Furthermore, since there is no obstacle be-
tween the X-ray emission device 200 and the article 600,
the X-rays reach the scintillator 300 through the slit mem-
ber 500 without loss of intensity. As a result, it is possible
to adjust the intensity of the X-rays as appropriate and
perform X-ray inspection in an efficient manner.

[0083] Inthe present embodiment, the article 600 cor-
responds to a target object, the X-rays S1, S2 correspond
to X-rays, the X-ray emission device 200 corresponds to
an X-ray emission device, the scintillator 300 corre-
sponds to a scintillator, the photodiode array 400 corre-
sponds to a photodiode array, the slit member 500 cor-
responds to a slit member, the slit width H3 corresponds
to the width of the slit, the width H2 of the scintillator 300
corresponds to the width of the scintillator, the width H1
of the photodiode array 400 corresponds to the light-re-
ceiving width of the photodiode array, the arrow L1 cor-
responds to the conveyance direction, the irradiation
width adjustment mechanism 510 corresponds to an ir-
radiation width adjustment mechanism, and the X-ray in-
spection device 100 corresponds to an X-ray inspection
device.

[0084] Accordingly, with the X-ray inspection device
according to the illustrated embodiment, the X-ray emis-
sion device emits X-rays at the target object, the X-rays
pass through the slit of the slit member, the scintillator
unit optically converts the X-rays into visible light, and
the photodiode array detects the optically converted vis-
ible light and converts the visible light into an electrical
signal.

[0085] In such an instance, the width of the slit of the
slit member is narrower than that of the scintillator unit,
and is equal to or wider than half the light-receiving width
of the photodiode array. As a result, X-rays that have
passed through the slit of the slit member can be reliably
optically converted by the scintillator unit and converted
to an electrical signal by the photodiode array. Also, in
an instance where fine foreign matter in the target object
is being detected, the slit member can prevent visible
light from being diffracted and make the edge of the fine
foreign matter sharper. Fine foreign matter can thereby
be reliably detected using a simple mechanism.
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[0086] According totheillustrated embodiment, the slit
member can prevent visible light from being diffracted
and increase the sharpness of the edge of fine foreign
matter in a target object. Fine foreign matter can thereby
be reliably detected using a simple mechanism.

[0087] A preferred embodiment of the present inven-
tion was described above, but is not provided by way of
limitation to the present invention. It should be appreci-
ated that a variety of other embodiments are possible
without departing from the spirit or the scope of the
present invention. Furthermore, actions and advanta-
geous effects of a configuration according to the present
invention were described in the present embodiment;
however, these actions and advantageous effects are
merely cited by way of example, and are not provided by
way of limitation to the present invention.

GENERAL INTERPRETATION OF TERMS

[0088] In understanding the scope of the present in-
vention, the term "comprising" and its derivatives, as
used herein, are intended to be open ended terms that
specify the presence of the stated features, elements,
components, groups, integers, and/or steps, but do not
exclude the presence of other unstated features, ele-
ments, components, groups, integers and/or steps. The
foregoing also applies to words having similar meanings
such as the terms, "including", "having" and their deriv-
atives. Also, the terms "part," "section," "portion," "mem-
ber" or "element" when used in the singular can have the
dual meaning of a single partor a plurality of parts. Finally,
terms of degree such as "substantially", "about" and "ap-
proximately" as used herein mean a reasonable amount
of deviation of the modified term such that the end result
is not significantly changed. For example, these terms
can be construed as including a deviation of at least =
5% of the modified term if this deviation would not negate
the meaning of the word it modifies.

[0089] While only selected embodiments have been
chosen to illustrate the present invention, it will be ap-
parent to those skilled in the art from this disclosure that
various changes and modifications can be made herein
without departing from the scope of the invention as de-
fined in the appended claims. Furthermore, the foregoing
descriptions of the embodiments according to the present
invention are provided for illustration only, and not for the
purpose of limiting the invention as defined by the ap-
pended claims and their equivalents.

Claims

1.  An X-ray inspection device adapted to detect foreign
matter in a target object while the target object is
conveyed, the X-ray inspection device comprising:

an X-ray emission device configured and ar-
ranged to emit X-rays at the target object;
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a scintillator unit configured and arranged to op-
tically convert the X-rays emitted by the X-ray
emission device into visible light, the scintillator
unitextendingin adirection thatintersects a con-
veyance direction of the target object;

a slit member forming a slit that extends in the
direction that intersects the conveyance direc-
tion, the slit member disposed on an upstream
side of the scintillator unit with respect to a di-
rection of X-ray irradiation so that only the X-
rays that passed through the slit enter the scin-
tillator unit; and

a photodiode array configured and arranged to
detect the visible light optically converted by the
scintillator unit and to convert the visible light
into an electrical signal, the photodiode array
being disposed along a direction in which the
scintillator unit extends,

wherein the slit member is arranged so that a
width of the slit is narrower than a width of the
scintillator unit in the conveyance direction of
the target object, and that the width of the slit is
equal to or wider than half a light-receiving width
of the photodiode array in the conveyance di-
rection of the target object.

The X-ray inspection device according to claim 1,
further comprising

an irradiation width adjustment mechanism config-
ured and arranged to adjust a width of irradiation of
the X-rays reaching the scintillator unit through the
slit.

The X-ray inspection device according to claim 1 or
2, wherein

a ratio between the light-receiving width of the pho-
todiode array and the width of the slitis within arange
of 1:1 and 1:3.

The X-ray inspection device according to any one of
claims 1 to 3, wherein

aratio between a thickness of the scintillator unit and
the width of the slit is within a range of 1:1 and 1:6.
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